Introduction {#H1-1-ZOI190179}
============

Although rates of cigarette and other combustible tobacco use have declined among adolescents and young adults in the United States, use of alternative tobacco products (ATPs) such as electronic cigarettes (e-cigarettes or vapes), smokeless tobacco (chewing tobacco, dissolvable or dipping tobacco, moist snuff, and snus), tobacco pipes, cigars (traditional, filtered, and cigarillos or little cigars), and hookah (water pipes) has increased.^[@zoi190179r1],[@zoi190179r2],[@zoi190179r3]^ For example, according to the 2018 National Youth Tobacco Survey,^[@zoi190179r4]^ past 30-day e-cigarette use increased among high school students from 1.5% in 2011 to 20.8% in 2018. Among high school participants, e-cigarettes were the most commonly used tobacco product (20.8%), followed by cigars (7.7%), cigarettes (7.6%), smokeless tobacco (5.5%), hookah (3.3%), pipe tobacco (0.8%), and bidis (0.7%).^[@zoi190179r4]^ Among adults, past 30-day use of ATPs was highest among young adults (ages 18-24 years), with e-cigarettes (5.2%), cigars and cigarillos (4.3%), smokeless tobacco (2.9%), and hookah (2.5%) being the most commonly used.^[@zoi190179r5]^ The increase in ATP use among adolescents and young adults in the United States poses a threat to decades of public health campaigns aimed at reducing tobacco use by renormalizing smoking, decreasing risk perceptions, and increasing benefit perceptions of tobacco products.^[@zoi190179r6],[@zoi190179r7],[@zoi190179r8]^

This changing landscape of tobacco use may be due in part to the marketing of ATPs online, in newspapers and magazines, in retail stores, on television, in movies, in sports, as part of music event sponsorships, in advertisements placed at children's eye level, and through ownership of tobacco promotional material such as t-shirts, hats, keychains, posters, and other items with tobacco companies' insignia and logos.^[@zoi190179r9],[@zoi190179r10],[@zoi190179r11],[@zoi190179r12],[@zoi190179r13]^ Even though some regulations of ATPs have been implemented, such as the US Food and Drug Administration's Youth Tobacco Prevention Plan prohibiting e-cigarette sales to minors, ATPs are still widely marketed, including the distribution of ATP samples and coupons via postal mail.^[@zoi190179r14]^ According to a recent analysis of the National Youth Tobacco Survey,^[@zoi190179r15]^ approximately 13% of middle school and high school students reported ownership of e-cigarette coupons in the past 30 days received through digital communications or postal mail.

Tobacco marketing receptivity has been measured by examining individuals' (1) exposure and affective response to advertisements and/or (2) ownership of tobacco promotional materials.^[@zoi190179r16],[@zoi190179r17],[@zoi190179r18]^ Most studies on marketing receptivity among adolescents have focused primarily on the former measurement of marketing receptivity rather than the latter. Four cross-sectional studies have examined the association of marketing receptivity to tobacco products, as measured by receipt of coupons, samples, or promotional items, with cigarette use among adolescents^[@zoi190179r15],[@zoi190179r19],[@zoi190179r20]^ and young adults^[@zoi190179r21]^ in the United States, with 1 UK study^[@zoi190179r22]^ focusing on adolescents. These studies showed positive associations between current cigarette smoking, awareness of coupons,^[@zoi190179r22]^ and receipt of coupons among adolescents and young adults.^[@zoi190179r15],[@zoi190179r19],[@zoi190179r20],[@zoi190179r21]^ Receipt of tobacco coupons was also associated with increased positive smoking-related beliefs, higher susceptibility to smoking, lower likelihood of confidence in quitting smoking, and higher likelihood of intentions to purchase tobacco in the future.^[@zoi190179r19]^

We know of no study that has longitudinally examined how ownership of ATP promotional items is associated with subsequent initiation of ATPs among adolescents and young adults. In this longitudinal study, we explored the association between ATP marketing receptivity and initiation of different ATPs, including e-cigarettes; chewing tobacco or moist snuff (smokeless tobacco); tobacco pipes; cigars, cigarillos, or little cigars; and hookah in a California cohort of adolescents and young adults. We assessed marketing receptivity, defined as both ownership of (1) ATP promotional items and (2) ATP or cigarette promotional items. These promotional items included samples, coupons, and branded material (eg, caps, t-shirts, or posters) self-reported at baseline. We then examined the association between marketing receptivity with both (1) ATP initiation and (2) ATP or cigarette initiation 1 year later. We hypothesized that adolescents who owned promotional materials would be more likely to initiate ATP and cigarette use.

Findings of this study may help inform state and federal tobacco marketing regulations. Current regulations such as the 1998 Master Settlement Agreement and the Family Smoking Prevention and Tobacco Control Act implement restrictions on cigarette marketing, including the distribution of cigarette promotional materials to adolescents during public events such as instructional seminars and music and sporting events as well as through postal mail and loyalty programs.^[@zoi190179r14],[@zoi190179r23],[@zoi190179r24],[@zoi190179r25],[@zoi190179r26]^ Although some of these marketing strategies, including the distribution of free samples, sales in vending machines, and the minimum sales age, are regulated for select ATPs such as e-cigarettes, many marketing restrictions do not currently extend to ATPs.^[@zoi190179r10],[@zoi190179r27]^

Methods {#H1-2-ZOI190179}
=======

Data and Study Design {#H2-1-ZOI190179}
---------------------

The data presented in this analysis are from a survey conducted in 2 waves, wave 1 (July 2014 to October 2015) and wave 2 (July 2015 to March 2016), of a prospective longitudinal study of adolescents in ninth and twelfth grades. Students were recruited from 10 California high schools with diverse student populations. This study was approved by Stanford University's institutional review board. Assent forms were signed by the student and consent forms were signed by their parent or guardian. Students aged 18 years or older provided their own consent. This study follows the Strengthening the Reporting of Observational Studies in Epidemiology ([STROBE](http://www.equator-network.org/reporting-guidelines/strobe/)) reporting guideline for cohort studies.^[@zoi190179r28]^

Approximately 4000 students received materials about the study, with 1299 (32%) returning signed consent forms. Of these students, 405 (31.1%) were disqualified from the study because they provided invalid contact information, were otherwise ineligible (eg, being in the wrong grade), or could not be contacted by the researchers. Overall, 772 eligible consented participants (86.4%) completed the survey in wave 1 and 578 (64.1%) completed the survey in wave 2. Compared with the schools from which we sampled, our final sample had more female and fewer male participants and a greater percentage of Asian participants. Tobacco use rates and patterns were similar to those in national data sets.^[@zoi190179r6],[@zoi190179r29]^

Consenting individuals were sent an email with a link to the online surveys, administered through Qualtrics. Data for this analysis (n = 757) represent all individuals with complete data on exposure, covariates (wave 1), and outcome variables (wave 2). Participants received \$10 for participating in wave 1 and \$15 for wave 2. Study details have been previously published.^[@zoi190179r8]^ Study participants were compared with the overall student bodies at each school, with no significant differences found.^[@zoi190179r6],[@zoi190179r8],[@zoi190179r30],[@zoi190179r31]^

Measures {#H2-2-ZOI190179}
--------

All questions listed in this section were asked for the following products: e-cigarettes; cigarettes; smokeless tobacco (chewing tobacco or moist snuff); cigars, cigarillos, or little cigars; and hookah. With the exception of cigarettes, we refer to these products as *ATPs*.

### Use of ATPs and Cigarettes Ever and in the Past 30 Days {#H3-1-ZOI190179}

In each wave, participants were asked whether they had ever used cigarettes and ATPs. Participants were asked, "During your entire life, how many times have you ever used \[product\]?" Two variables were created from this set of questions: (1) ATP ever use and (2) ATP or cigarette ever use. The variable of ATP ever use was dichotomized as yes vs no, indicating whether the participant reported ever use of at least 1 ATP. The variable of ATP or cigarette ever use was dichotomized to indicate whether participants reported any lifetime use of any tobacco product (including cigarettes).

In each wave, participants were asked, "During the last 30 days, on about how many days did you use \[product\]?" Two variables were created from this set of questions: (1) ATP past-30-day use and (2) ATP or cigarettes past-30-day use. The variable of ATP past-30-day use was dichotomized as yes vs no to indicate whether a participant reported any past use of at least 1 ATP in the past 30 days. The variable of ATP or cigarette past-30-day use was dichotomized as yes vs no to indicate whether participants reported any use of any tobacco product (including cigarettes) in the past 30 days.

### ATP Initiation {#H3-2-ZOI190179}

Our primary outcome of interest was ATP initiation between wave 1 and wave 2. Individuals were categorized as having initiated ATP between waves 1 and 2 if they reported (1) no ever or past-30-day ATP use in wave 1 and (2) either ever or past-30-day ATP use on the wave 2 survey. Our secondary outcome of interest was similarly defined for ATP or cigarette initiation.

### Receipt of Product Coupons and Samples {#H3-3-ZOI190179}

Participants were asked, "Have you received coupons for any of the products listed below \[e-cigarettes, chewing or dipping tobacco or moist snuff, tobacco pipes, cigars, cigarillos or little cigars, and hookahs\]?" coded as yes vs no and (2) "Have you received samples for any of the products listed below?" coded as yes vs no.

### Ownership of Promotional Materials {#H3-4-ZOI190179}

Participants were asked, "Do you or your friends own any promotional materials (such as caps, t-shirts, posters) for the products listed below \[e-cigarettes, chewing or dipping tobacco or moist snuff, tobacco pipes, cigars, cigarillos or little cigars, and hookahs\]?" Response options included "No, neither I nor my friends own items," "Yes, I own items," and "Yes, my friends own items." Individuals were categorized as owning promotional material if they responded "Yes, I own items," with responses coded as yes vs no.

We characterized individual exposure to marketing in 2 ways. First, we defined ownership of ATP-specific promotional materials (yes or no) if students reported at least 1 of the following: receipt of ATP product samples, receipt of ATP product coupons, or ownership of ATP product promotional material for any ATP. Second, we defined ownership of ATP or cigarette promotional materials (yes or no) if students reported at least 1 of the following: receipt of any product samples, receipt of any product coupons, or ownership of any product promotional material from cigarettes or any ATP product. These measures are based on established literature showing ownership of promotional materials as an indicator of tobacco marketing receptivity.^[@zoi190179r16],[@zoi190179r17]^

### Demographic Characteristics {#H3-5-ZOI190179}

At wave 1, participants self-reported age in years, sex, race/ethnicity, and mother's educational level. Age was dichotomized into ages 13 to 15 and 16 to 19 years to distinguish between younger adolescents, older adolescents, and young adults in our sample. Race/ethnicity was measured in 11 categories and recoded into 4 categories (non-Hispanic white, non-Hispanic Asian/Pacific Islander, Latino, and non-Hispanic other), representing the most prevalent demographic makeup of the schools in California.

Statistical Analysis {#H2-3-ZOI190179}
--------------------

We estimated odds ratios (ORs) of the relationship between ownership of (1) ATP promotional materials and (2) ATP or cigarette promotional materials reported in wave 1 with (1) ATP initiation and (2) ATP or cigarette initiation in wave 2. Generalized estimating equation logistic regression models were used in all analyses to account for potential clustering by school and to estimate population-averaged parameter estimates with robust standard errors with assumed exchangeable working correlation matrix.^[@zoi190179r32],[@zoi190179r33],[@zoi190179r34]^ We present parameter estimates (ORs and corresponding 95% confidence intervals) for the association of ownership of ATP promotional materials with (1) ATP initiation and (2) ATP and cigarette initiation.

Individual demographic and socioeconomic characteristics determined a priori to be associated with our exposure and outcome based on prior literature were considered as confounders in the multivariate analysis.^[@zoi190179r15],[@zoi190179r16],[@zoi190179r18],[@zoi190179r19],[@zoi190179r20],[@zoi190179r21],[@zoi190179r22]^ We adjusted for 2 covariate sets to separately assess the influence of demographic, socioeconomic, and behavioral factors in our analysis. Model 1 adjusts for baseline age, sex, race/ethnicity, and mother's educational level; model 2 adjusts for model 1 covariates plus cigarette use ever and alcohol use ever at baseline. Data analysis was conducted using R statistical software version 3.2.1 (R Project for Statistical Computing).

Results {#H1-3-ZOI190179}
=======

In wave 1 (757 participants), adolescents had a mean (SD) age of 16.1 (1.1) years and 481 (63.5%) were female. In all, 166 participants (21.9%) identified as Asian or Pacific Islander, 202 (26.7%) as white, and 276 (36.4%) as Latino. In wave 2, 129 participants (17.0%) subsequently initiated ATP use and 141 (18.6%) initiated either ATP or cigarette use. A full description of the sample by tobacco initiation status is provided in [Table 1](#zoi190179t1){ref-type="table"}. Among the 81 participants who reported ownership of any cigarette or ATP promotional item, most reported ownership of promotional items specific to cigarettes, e-cigarettes, or hookah. [Table 2](#zoi190179t2){ref-type="table"} further describes marketing receptivity from cigarettes and ATPs.

###### Descriptive Baseline Characteristics of Participants at Wave 2 Overall, by ATP Initiation Status, and by ATP and Cigarette Initiation Status[^a^](#zoi190179t1n1){ref-type="table-fn"}

  Covariate                                         Participants, No. (%)                            
  ------------------------------------------------- ----------------------- ------------ ----------- ------------
  Age                                                                                                
  13-15 y                                           304 (40.2)              274 (43.6)   30 (23.2)   32 (22.7)
  16-19 y                                           453 (59.8)              354 (56.3)   99 (76.7)   109 (77.3)
  Sex                                                                                                
  Male                                              276 (36.5)              234 (37.2)   42 (32.5)   45 (31.9)
  Female                                            481 (63.5)              394 (62.7)   87 (67.4)   96 (68.1)
  Race/ethnicity                                                                                     
  White                                             202 (26.7)              174 (27.7)   28 (21.7)   30 (21.2)
  Asian or Pacific Islander                         166 (21.9)              139 (22.1)   27 (20.9)   25 (17.7)
  Latino                                            276 (36.4)              227 (36.1)   49 (37.9)   57 (40.4)
  Other                                             113 (14.9)              88 (14.01)   25 (19.4)   29 (20.5)
  Mother's education                                                                                 
  Don't know                                        73 (9.6)                60 (9.5)     13 (10.1)   13 (9.2)
  Elementary or junior high school                  68 (8.9)                57 (9.0)     11 (8.5)    18 (12.7)
  Some high school                                  68 (8.9)                54 (8.6)     14 (10.8)   15 (10.6)
  High school graduate or GED                       131 (17.3)              86 (15.3)    35 (27.1)   38 (26.9)
  Some college                                      127 (16.8)              111 (17.7)   16 (12.4)   22 (15.6)
  2-y college degree                                75 (9.9)                58 (9.2)     17 (13.1)   17 (12.0)
  4-y college degree                                123 (16.2)              112 (17.8)   11 (8.5)    10 (7.1)
  Graduate or professional degree                   92 (12.1)               80 (12.7)    12 (9.3)    8 (5.6)
  Ever cigarette use                                95 (12.5)               NA           17 (13.1)   19 (13.5)
  Ever alcohol use                                  370 (48.8)              281 (44.7)   89 (68.9)   93 (65.9)
  Ownership of ATP promotional item                 64 (8.4)                45 (7.1)     19 (14.7)   16 (11.3)
  Ownership any cigarette or ATP promotional item   81 (10.7)               58 (9.2)     23 (17.8)   22 (15.6)

Abbreviations: ATP, alternative tobacco product; GED, general education diploma; NA, not applicable.

Alternative tobacco products including electronic cigarettes (e-cigarettes); chewing or dipping tobacco or moist snuff; tobacco pipes; cigars, cigarillos, or little cigars; and hookah.

###### Ownership of Cigarette and Alternative Tobacco Product Promotional Items by Cigarette and Alternative Tobacco Product Use Among 757 Adolescents and Young Adults

  Promotional Item                                                    Participants, No.                    
  ------------------------------------------------------------------- ------------------- ---- --- --- --- ----
  Samples                                                             6                   11   1   0   2   13
  Coupons                                                             25                  24   5   1   7   12
  Other promotional items[^a^](#zoi190179t2n1){ref-type="table-fn"}   9                   52   5   6   0   11

Abbreviation: e-cigarettes, electronic cigarettes.

Other promotional items include but are not limited to t-shirts, hats, keychains, posters, and other items with tobacco companies' insignia and logos.

[Table 3](#zoi190179t3){ref-type="table"} presents the results of our analysis showing the relationship between ownership of promotional material with tobacco initiation. In the unadjusted models (model 1), adolescents reporting ownership of ATP promotional materials were more than twice as likely to have initiated ATP use 1 year later (OR, 2.23; 95% CI, 1.26-3.97). Adjusting for individual demographic factors (model not shown) including age, sex, and race/ethnicity, adolescents owning ATP promotional items at baseline were more likely to initiate ATP use 1 year later compared with individuals not owning ATP promotional material (OR, 2.31; 95% CI, 1.28-4.18). After adjustment for all covariates (model 2), including age, sex, race/ethnicity, mothers' educational level, baseline alcohol use ever, and baseline cigarette use ever, the association between ownership of ATP promotional material and ATP initiation in wave 2 yielded similar results, with greater odds of ATP initiation in wave 2 among individuals owning ATP promotional material compared with individuals not owning ATP promotional material (OR, 2.13; 95% CI, 1.16-3.91). In unadjusted models, ATP or cigarette initiation was significantly associated with ownership of ATP or cigarette promotional material. When covariates were considered, however, results were attenuated and not statistically significant. Specifically, results of adjusted models assessing the combined association of owning ATP or cigarette promotions with the combined outcome variable of ATP or cigarette initiation were not statistically significant (OR, 1.62; 95% CI, 0.91-2.91).

###### Generalized Estimating Equation Logistic Regression Models of Ownership of ATP-Specific Promotional Materials (Wave 1) With Subsequent ATP Initiation (Wave 2) and Any Tobacco Initiation Among 757 Adolescents and Young Adults

  Type of Promotional Material                                 OR (95% CI)                                              
  ------------------------------------------------------------ ------------------ ------------------ ------------------ ------------------
  Ownership of ATP promotional material                        2.23 (1.26-3.97)   1.51 (0.83-2.75)   2.13 (1.16-3.91)   1.42 (0.75-2.71)
  Ownership of ATP or cigarette product promotional material   2.13 (1.26-3.60)   1.74 (1.02-2.96)   1.99 (1.11-3.56)   1.62 (0.91-2.91)

Abbreviations: ATP, alternative tobacco product; OR, odds ratio.

Model 1 is unadjusted for any covariate.

Model 2 presents a model adjusting for baseline age, sex, race/ethnicity, mother's educational level, ever alcohol use at baseline, and ever cigarette use at baseline.

Wave 2 ATP initiation analysis sample size was 129.

Wave 2 ATP and cigarette initiation sample size was 141.

Discussion {#H1-4-ZOI190179}
==========

To our knowledge, this is the first study to examine the association of marketing receptivity, as defined by ownership of ATP promotional items, with subsequent initiation of ATP use including e-cigarettes; smokeless tobacco; tobacco pipes; cigars, cigarillos, or little cigars; and hookah among adolescents and young adults. In this study, among a sample of California adolescents and young adults, self-reported ownership of ATP promotional material and self-reported ownership of ATP- or cigarette-specific promotional material at baseline were longitudinally associated with ATP initiation 1 year later.

These findings are consistent with and extend the literature showing ownership of cigarette-related promotional material is associated with cigarette use among adolescents and young adults.^[@zoi190179r15],[@zoi190179r19],[@zoi190179r20]^ In an analysis of 24 658 middle school and high school participants from the 2012 National Youth Tobacco Survey, exposure to tobacco coupons was found to be associated with higher likelihood of intending to purchase cigarettes in the next 30 days, revealing potential relationships of promotional materials and adolescent cigarette use.^[@zoi190179r19]^ Moreover, exposure to these marketing strategies is associated with increased rates of cigarette use among nonsmokers, translating to faster escalation of cigarette use and lower smoking reduction.^[@zoi190179r20]^ Similarly, our findings suggest that ATP-specific promotional materials may be associated with ATP use among adolescents and young adults; this is likely due to tobacco companies using strategies to market ATPs similar to those used to market traditional cigarettes.

This study's findings are important given previous research showing that marketing receptivity is associated with ATP use^[@zoi190179r12],[@zoi190179r16]^ and ATP use is associated with subsequent cigarette initiation.^[@zoi190179r24],[@zoi190179r35],[@zoi190179r36],[@zoi190179r37],[@zoi190179r38]^ Use of ATPs is strongly associated with subsequent cigarette initiation and is also associated with higher odds of becoming an established smoker, even for adolescents and young adults who have an otherwise low risk for cigarette smoking.^[@zoi190179r35]^ This shift to cigarette use after ATP use may be due to altered perceptions of cigarettes through increased ATP advertisement and marketing exposure.^[@zoi190179r39],[@zoi190179r40]^ For example, exposure to marketing for ATPs such as e-cigarettes has been found to be associated with subsequent cigarette smoking, even though the promoted products are not cigarettes.^[@zoi190179r18]^

Our study's findings are also important given the restrictions currently implemented for tobacco advertising. Adolescents and young adults in our study are reporting marketing receptivity not only to unregulated ATPs but also to cigarettes. Despite restrictions on the distribution of promotional materials for cigarettes, adolescents and young adults still report owning promotional items for cigarettes. Thus, we believe the significant findings of ATP marketing receptivity positively associated with ATP initiation found in this study have important public health and regulatory implications. Increased ATP receptivity may not only increase the uptake of ATPs in adolescents, but it may simultaneously contribute to the renormalization of smoking. These results suggest the importance of regulating the distribution of all types of tobacco promotional materials to adolescents and young adults.

Limitations {#H2-4-ZOI190179}
-----------

Our results should be interpreted in light of a few limitations. First, our study does not account for selection or attrition bias whereby adolescents and young adults who were differentially at higher risk for ATP initiation may have been more likely to participate in this study or be lost to follow-up. In addition, although we measured and adjusted for all the confounders we identified based on the literature, the potential influence of unmeasured confounders is another limitation. This study was underpowered to test effect modification by age and other covariates. Future studies should aim to assess these potential interactions. Moreover, no causal relationships can be established between ownership of promotional material and ATP use, although previous research has made a strong case for causal effect of tobacco marketing and initiation of cigarette use among adolescents and young adults.^[@zoi190179r2],[@zoi190179r26]^ In addition, past 30-day ATP use was defined as any ATP use in the past 30 days, but because many of these ATPs are relatively new products, this measure may only be reflecting recent use of these products and not established use. Moreover, all measures in this study were self-reported, and our study does not account for information bias including potential measurement error. It is also possible that other mechanisms, including friends' ATP use and individual alcohol use, may explain ATP initiation above and beyond ownership of promotional materials. Although we adjusted for baseline alcohol use in our analysis and yielded no significant results, future studies should further examine these relationships. Furthermore, our results may not be generalizable to adolescents and young adults throughout and outside of California. However, rates of tobacco and ATP use in our study are consistent with national rates for youth.

Conclusions {#H1-5-ZOI190179}
===========

Our results are consistent with the suggestion that regulating the distribution of promotional materials for ATP products would likely result in a significant reduction in ATP use. This study fills gaps in the literature by simultaneously assessing a wide variety of ATPs used by adolescents and young adults and extending analyses of the association between marketing receptivity and tobacco initiation to include ownership of promotional materials. Identifying factors associated with ATP use can help inform tobacco control campaigns and ATP regulations such as restrictions for materials distributed to adolescents. The results of this study will hopefully inform the US Food and Drug Administration's approach to regulating ATPs and their corresponding marketing efforts. Current restrictions of cigarette samples, coupons, and other promotional material distributed to adolescents and young adults should extend to ATPs.
